Cell density-dependent regulation of matrix metalloproteinase and TIMP expression in differently tumorigenic breast cancer cell lines.
Matrix metalloproteinases (MMPs) play a key role in cellular invasion and growth. Recent observations on tumor tissue samples suggest that MMP activity is altered in relation to cell density. Therefore, we examined MMP(-1,-2,-3,-8,-9,-10,-11 and -13) and TIMP-1/-2 expression of well-defined cell densities in breast carcinoma cell lines with differing in vivo tumorigenicity/invasiveness (MCF-7 < MDA-MB-468 < MDA-MB-231 < MDA-MB-435). Chemoinvasion assays were performed to link the in vitro data to the in vivo behavior. In accord with previous in vivo data, expression levels of most MMPs decreased significantly with increasing cell density and correlated well with a lower in vitro invasiveness of confluent cells. Since these data suggested that cell density regulates transcription and the promoter regions of most MMPs have AP-1 transcription factor binding consensus sequences, we tested whether functional AP-1 protein was involved in the mechanism of MMP downregulation by cell density. A role for AP-1 was confirmed by over-expression of c-Jun and c-fos in confluent MDA-MB-231 cells, showing with c-Jun increased MMP-2 (5-fold), MMP-3 (1.6-fold), and MMP-9 (160-fold) expression, as well as enhanced invasive potential, while TIMP-1 expression was down-regulated (2-fold) when compared to vector controls. Our data provide clear evidence that cell density regulates major MMPs and TIMPs which are controlled by AP-1 activity so that ultimately a major regulation pathway for the control of the invasive potential of tumor cells is presented.